Context: There is a central belief that depression is associated with hyperactivity of the hypothalamic-pituitaryadrenal axis, resulting in higher cortisol levels. However, results are inconsistent.
T

HERE IS A CENTRAL BELIEF THAT
adysregulatedhypothalamicpituitary-adrenal (HPA) axis playsaroleinthepathophysiology of depression.
1,2 Although not always consistent, evidence for hyperactivity of the HPA axis as indicated by higher daytime cortisol levels, more nonsuppression after dexamethasone ingestion, and higher corticotropin-releasing hormone and adrenocorticotropin hormone levels among persons with depression has been reported since the 1960s. [3] [4] [5] [6] [7] Dysregulation of the HPA axis could also help to explain unfavorable somatic health consequences, eg, cardiovascular disease or diabetes, observed among depressed persons. 8, 9 The facts that the most prominent form of hypercortisolism, Cushing disease, is also associated with both depression and cardiovascularcomplicationsandthatchronic stress is associated with higher cortisol levels strengthen this hypothesis. 10 To assess HPA axis activity, salivary cortisol measures are increasingly used to reflect the active, unbound form of cortisol and are considered to be minimally intrusive on HPA axis regulation. 11 The cortisol awakening response (CAR) assesses the natural response of the HPA axis to awakening. Other commonly used cortisol measures include evening cortisol levels, reflecting basal activity, and the dexamethasone suppression test (DST), providing information on the negative feedback system of the HPA axis. 12 Although salivary cortisol measures such as the CAR have been associated with depression, 13, 14 there are some conflicting results as well. 15, 16 These inconsistencies in results remain largely unexplained but could be partly owing to the facts that studies differ in adjustment for confounding variables (S.A.V., W.J.G.H., J.v.P., R.H.d.R., R.v.D., J.H.S., F.G.Z., B.W.J.H.P., and Boudewijn P. Kruijtzer, MSc, unpublished data, March 2008) and that study samples differ in terms of type and severity of depression, 1, 17, 18 use of psychoactive medication, 1, [19] [20] [21] comorbidity of anxietydisorders, 22 levelofneuroticism, 23 ordailyhassles. 24 Higher cortisol levels have most frequently been reported among medicated inpatients with more severe melancholic or psychotic depression, 25, 26 but studies in outpatient samples have shown few differences in cortisol levels between depressed and nondepressed persons. 17, 25, 27 Function of the HPA axis has not yet been studied in outpatients while adequately controlling for important covariates and analyzing depression characteristics in a large sample.
Our study among 1588 subjects of the Netherlands Study of Depression and Anxiety is one of the largest studies to examine whether there are differences between depressed subjects and healthy control subjects in various salivary cortisol measures (CAR, evening cortisol level, and cortisol suppression after dexamethasone ingestion), correcting for detailed covariates and additionally analyzing the role of depression characteristics.
METHODS
STUDY SAMPLE
Data are from the Netherlands Study of Depression and Anxiety, a large cohort study on the course of depressive and anxiety disorders. In total, 2981 respondents were recruited from the community, general practice care, and specialized mental health care. The study sample included persons with psychopathological findings as well as control subjects without a psychiatric diagnosis. For objectives and methods of the Netherlands Study of Depression and Anxiety, see the article by Penninx et al. 28 The research protocol was approved by the ethical committee of participating universities, and all of the respondents provided written informed consent.
To investigate whether cortisol levels were different in depressed vs nondepressed respondents taking into account remission of symptoms, 3 groups were created: control subjects, persons with remitted major depressive disorder (MDD), and persons with current MDD. Control subjects were defined as having no lifetime history of anxiety disorder (panic disorder, generalized anxiety disorder, agoraphobia, or social phobia) or depressive disorder (MDD or dysthymia) as assessed by the DSM-IV Composite International Diagnostic Interview (CIDI) version 2.1, no family history of depression, and a score below 14 on the Inventory of Depressive Symptoms (IDS). These criteria fit 413 Netherlands Study of Depression and Anxiety respondents. Persons with remitted MDD had a history of MDD but no diagnosis of MDD in the past 6 months as diagnosed by the CIDI; this included 810 respondents. The third group consisted of 1115 participants with a current diagnosis of MDD, ie, in the past 6 months, as assessed by the CIDI (of whom 802 [71.9%] had been diagnosed with MDD in the past month). We subsequently excluded a total of 22 pregnant or breastfeeding women and 137 participants receiving corticosteroids, leaving an initial sample of 2179 respondents. Of these, 1594 (73.2%) (309 control subjects, 581 subjects with remitted MDD, and 704 subjects with current MDD) returned saliva samples (see later). Respondents on saliva collection did not differ from nonrespondents in sex but were older (age, 44.1 vs 38.2 years, respectively; PϽ.001), more educated (12.4 vs 11.6 years of education, respectively; P Ͻ.001), and less likely to be currently depressed (44.2% vs 57.4%, respectively; PϽ.001).
SALIVARY CORTISOL MEASUREMENTS
At the baseline interview, respondents were instructed to collect saliva samples at home on a regular (preferably working) day shortly after the interview, which has been shown to be a reliable and minimally intrusive method to assess the active, unbound form of cortisol. 11 The median time between the interview and saliva sampling was 9.0 days (25th-75th percentile, 4-22 days). Instructions prohibited eating, smoking, drinking, or brushing teeth within 15 minutes. Saliva samples were obtained using Salivettes (Sarstedt AG and Co, Nümbrecht, Germany) at 7 time points. The CAR includes 4 sampling points: at awakening (T1) and at 30 (T2), 45 (T3), and 60 (T4) minutes later. The 2 evening values were collected at 10 PM (T5) and 11 PM (T6). Dexamethasone suppression was measured by cortisol sampling the next morning at awakening (T7) after ingestion of 0.5 mg of dexamethasone directly after the saliva sample was taken at 11:00 PM (T6). Samples were stored in refrigerators and returned by mail. After receipt, Salivettes were centrifuged at 2000g for 10 minutes, aliquoted, and stored at −80°C. Cortisol analysis was performed by competitive electrochemiluminescence immunoassay (E170; Roche, Basel, Switzerland) as described by van Aken et al. 29 The functional detection limit was 0.07 µg/dL (to convert to nanomoles per liter, multiply by 27.588) and the intra-assay and interassay variability coefficients in the measuring range were less than 10%. Assays were repeated if cortisol levels were very high (Ͼ2.90 µg/dL) or very low (Ͻ0.04 µg/dL) (n=128). All of the very high samples remained high and the mean of the values was used. In 80% of the very low samples, the repeated cortisol value was within the normal range and used for analysis; otherwise, the mean was used.
Three cortisol indicators were used: the cortisol awakening response, the evening cortisol level, and cortisol suppression on the DST.
Cortisol Awakening Response
In addition to conducting mixed model analyses (see the "Statistical Analysis" section) using all 4 saliva samples that determine the CAR, we calculated the area under the curve (AUC) with respect to the increase (AUCi) and with respect to the ground (AUCg) using the formulas by Pruessner et al. 30 The AUCg is an estimate of the total cortisol secretion and predicts mean cortisol levels throughout the day, and the AUCi is a measure of the dynamic of the CAR, more related to the sensitivity of the system and emphasizing changes over time. [30] [31] [32] [33] If samples were collected outside of a margin of 5 minutes before or after the time protocol, values were assigned missing. In data cleaning, we assigned the 61 cortisol values (of 6274 values) that were more than 2 SDs from the mean (range, 2.03-4.74 µg/dL) as missing. The CAR analyses included all persons with at least 2 valid CAR cortisol values (n=1507; 295 control subjects, 548 subjects with remitted MDD, and 664 subjects with current MDD) because linear mixed model (LMM) analyses can adequately interpolate for missing values. For AUC analyses, at least 3 samples had to be available. For those with 1 missing cortisol value (n=87), the missing value was imputed using linear regression analyses including information on the available 3 cortisol levels, sex, age, awakening time, and smoking status.
Evening Cortisol Level
Data cleaning excluded cortisol values more than 2 SDs from the mean (1.59 µg/dL for T5, 2.35 µg/dL for T6), excluding 19 of 3135 cortisol values. Ultimately, data from 1579 subjects were available for evening cortisol level analyses (304 control subjects, 575 subjects with remitted MDD, and 700 subjects with current MDD).
Dexamethasone Suppression Test
Data cleaning was performed by excluding cortisol values more than 2 SDs from the mean for T7 (1.36 µg/dL), designating 12 cortisol values (out of 1532 samples) as missing and leaving 1520 subjects with values for T7. Of these, 1464 subjects (96.3%) (281 control subjects, 529 subjects with remitted MDD, and 654 subjects with current MDD) had taken 0.5 mg of dexamethasone after 11:00 PM on the first sampling day and were available for the DST analyses. In addition to the cortisol level at awakening after dexamethasone ingestion (T7), we used a cortisol suppression ratio: the cortisol value at awakening on the first day (T1) was divided by the cortisol value at awakening the next day (T7) after ingestion of 0.5 mg of dexamethasone the evening before. In addition, to indicate nonsuppressors more clearly, we also used a dichotomized indicator of the T1/T7 ratio, with a ratio below 1.51 (representing 1 SD below the mean) denoting a nonsuppressor.
In sum, 308 control subjects, 579 persons with remitted MDD, and 701 persons with current MDD provided at least 1 usable salivary cortisol variable (CAR, evening cortisol level, or DST result) and constituted the sample for the present analyses.
COVARIATES
We previously described associations between sociodemographics (sex, age, education, Northern European ancestry), sampling factors (awakening time, work status, weekday, season, sleep duration), and health indicators (smoking, physical activity) on salivary cortisol variables in our study (S.A.V., W.J.G.H., J.v.P., R.H.d.R., R.v.D., J.H.S., F.G.Z., B.W.J.H.P., and Boudewijn P. Kruijtzer, MSc, unpublished data, March 2008). These identified determinants were considered covariates.
Respondents reported time of awakening and working status on the sampling day. Sampling date information was used to categorize weekday vs weekend day, and season was categorized by months with less daylight (October-February) and more daylight (March-September). The average sleep duration during the last 4 weeks was dichotomized as 6 or fewer hours per night vs more than 6 hours per night, and smoking status was dichotomized as current smoker vs nonsmoker. Physical activity was assessed using the International Physical Activity Questionnaire 34 and expressed as activity per 1000 MET-minutes (metabolic equivalent of number of calories spent per minute) per week.
DEPRESSION CHARACTERISTICS
In post hoc analyses, several characteristics were explored to evaluate their potential differentiating effect on HPA axis activity. Chronicity of symptoms was considered present when in the past 5 years at least 24 months of depressive symptoms were reported as assessed by the Life Chart method. 35 The occurrence of suicide attempts in the past was examined using the Scale for Suicide Ideation. 36 Comorbid anxiety disorder was assessed through the CIDI and was considered present when panic disorder, generalized anxiety disorder, agoraphobia, or social phobia was diagnosed in the past 6 months. The total score on the 30-item self-report version of the IDS 37 was used as an indicator of depression severity. To analyze whether subtypes of depression exhibit differences in HPA axis activity, atypical and melancholic features were defined using specific IDS items. The atypical subtype was defined according to Novick et al 38 based on DSM-IV criteria as having mood reactivity and at least 3 of the following: hyperphagia, hypersomnia, leaden paralysis, and interpersonal rejection sensitivity. The melancholic subtype was defined as lacking mood reactivity and loss of pleasure with at least 3 of the following: distinct quality of mood, mood worsening in the morning, early morning awakening, psychomotor retardation, significant anorexia or weight loss, and excessive guilt. The episode was assessed as first or recurrent during the CIDI. Using the World Health Organization Anatomical Therapeutic Chemical classification, 39 psychoactive medication was categorized into antidepressants (tricyclic antidepressants [N06AA], selective serotonin reuptake inhibitors [N06AB], and other antidepressants [N06AF, N06AG, N06AX]) and benzodiazepines (N03AE, N05BA, N05CD, N05CF). Neuroticism was measured with the 12-item subscale of the NEO 5-Factor Inventory, 40 with scores ranging from 0 (low neuroticism) to 48 (high neuroticism). Experience of daily hassles was measured with the 20-item Daily Hassles Questionnaire, 41 rating the experience of health, family, friends, and environment hassles on a total scale from 0 (no hassles) to 60 (many hassles). Finally, to examine the role of earlier childhood trauma, we constructed a cumulative childhood trauma index using the Netherlands Mental Health Survey and Incidence Study childhood trauma interview. 42 This summarizes the frequency of 4 reported traumas-emotional neglect, psychological abuse, physical abuse, and sexual abuse-before age 16 years, resulting in an index score between 0 and 8.
STATISTICAL ANALYSIS
All of the cortisol values showed normal distributions except for the cortisol suppression ratio, which was log transformed for analyses. Baseline characteristics of the 3 MDD groups were compared using 2 and analysis of variance statistics. To analyze differences in CAR across groups, analyses of covariance with AUCi and AUCg were conducted. In addition, random coefficient analysis of the 4 morning cortisol data points was performed using LMM analyses. This keeps original values on all of the 4 data points, can accommodate for incomplete cases, and takes correlation between repeated data into account. 43 The MDD group, time point (T1, T2, T3, or T4), and all of the covariates were entered as fixed factors, subjects were treated as a random effect, and a random intercept was estimated. To examine whether the course of cortisol level after awakening was different across groups, we added an MDD groupϫtime interaction term. Analyses of covariance were used to examine differences across MDD groups in evening cortisol level (cortisol level at 10 PM and 11 PM) and cortisol suppression after dexamethasone ingestion (cortisol at T7 and the log ratio of T1/ T7). A multivariable logistic regression analysis examined MDD group status on the dichotomous DST nonsuppression indicator. Additional analyses among depressed subjects were performed to evaluate the role of depression characteristics using multivariable linear regression analyses and LMM analyses. For significant findings, effect sizes were calculated with Cohen d. 44 All of the analyses were conducted using SPSS version 15.0 statistical software (SPSS Inc, Chicago, Illinois). Table 1 . Subjects with remitted or current MDD were more often female, younger, less educated, less likely to work, more likely to sleep fewer hours, and more likely to smoke. Subjects with current MDD had the least fa-(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 66 (NO. 6), JUNE 2009 vorable scores on all of the depression characteristics. Of the subjects with current MDD, 198 (28.2%) were severely depressed as defined by an IDS score of 39 or higher, corresponding to a score of 20 or higher on the 17-item Hamilton Depression Scale. 45 Among the respondents, 1101 of 1507 (73.1%) showed an increase in the cortisol level in the first hour after awakening, with a mean increase of 0.38 µg/dL (or 79.3%). Unadjusted cortisol levels did not differ between groups at awakening but became significantly higher in depressed subjects during the hour after awakening (Table 1) . Also, the evening cortisol level at 10 PM was significantly higher in subjects with current MDD, but no differences across groups were found at 11 PM or for the DST results.
RESULTS
Characteristics across MDD groups are presented in
CORTISOL AWAKENING RESPONSE
With respect to the CAR, 2 elements can be distinguished. First, a direct effect on overall morning cortisol values is indicated by a larger AUCg and/or a significant (direct) effect in LMM analyses. Second, a difference in the course over time (or shape of the CAR) is reflected by a difference in the AUCi and/or a significant interaction between group and time in LMM analyses. Adjusted CAR results illustrate that consistently after awakening, the current MDD group shows higher overall cortisol levels but a time course that is similar to that of the control group (Figure 1 ). This is reflected by the significant group effect (current MDD group vs control group, P Ͻ .001) but nonsignificant current MDD groupϫtime interaction (P = .46) in LMM analyses and by a significantly higher AUCg (P = .001; effect size [Cohen d] = 0.25) but a nonsignificant effect on the AUCi (P =.28) ( Table 2) . The remitted MDD group shows a higher CAR compared with the control group as illustrated by a significant group effect (remitted MDD group vs control group, P = .007), a significant remitted MDD groupϫtime interaction (P= .008), and a higher AUCg (P = .02; effect size = 0.18) and AUCi (P = .04; effect size=0.15) ( Table 2 ). The remitted MDD group did not differ significantly from the current MDD group (AUCg, P = .26; AUCi, P = .25; LMM analyses: group, P = .25; groupϫtime, P= .15).
EVENING CORTISOL LEVEL
Evening cortisol levels at 10:00 PM were significantly higher in the MDD groups; this did not apply to the remitted MDD group after correction for lifestyle factors ( 
DEXAMETHASONE SUPPRESSION TEST
Depression groups hardly differed in cortisol level at awakening after dexamethasone ingestion the night before. A significant finding was present for the current MDD group (P=.03; effect size = 0.17) when using the cortisol suppression ratio, indicating more cortisol suppression (Table 2 ). This was confirmed by logistic regression analysis using the dichotomous indicator (odds ratio for nonsuppression=0.51; 95% confidence interval, 0.33-0.81; P=.004). The current MDD group also showed more cortisol suppression than the remitted MDD group (P=.02). Table 3 reports additional analyses exploring specific associations with depression characteristics among the (combined) depressed groups (n=579ϩ701=1280). For the CAR, no effects were found for depression characteristics (eg, severity, symptom profile, chronicity, or childhood trauma) except for the presence of comorbid anxiety disorder and the use of psychoactive medication. Depressed subjects with comorbid anxiety showed a significant interaction with time in LMM analyses (P=.009) and a trend for a higher AUCg (P=.06). These findings are illustrated in Figure 2 , showing a higher CAR among depressed subjects with comorbid anxiety. Analysis of variance revealed an AUCg of 0.70 (SE=0.01) µg/dL/h for MDD without comorbid anxiety compared with 0.66 (SE=0.02) µg/dL/h for control subjects (P=.02; effect size = 0.16) and an AUCg of 0.73 (SE = 0.01) µg/ dL/h for MDD with comorbid anxiety compared with 0.66 (SE=0.02) µg/dL/h for control subjects (PϽ .001; effect size=0.27) (P =.06 compared with MDD without anxiety). The other CAR determinant was the use of tricyclic antidepressants, which was associated with a significantly lower AUCi (b=−0.085; P=.03) and confirmed by a time interaction in LMM analyses (P =.05). The use of benzodiazepines was associated with lower evening cortisol levels, especially at 10 PM (Table 3) , and recurrent episodes tended to be associated with a higher evening cortisol level at 11 PM. Finally, the postdexamethasone cortisol level was significantly higher in subjects using selective serotonin reuptake inhibitors or tricyclic antidepressants and tended to be higher in depressed subjects with a recurrent episode. Results of logistic regression with the nonsuppression indicator confirmed only the association with selective serotonin reuptake inhibitor use (odds ratio of nonsuppression=1.58; 95% confidence interval, 1.05-2.40; P=.03). Taking the use of antidepressants into account did not change any of the observed differences across MDD groups for any of the cortisol indicators. Saliva collection took place on average 9 days after interviewing. To check whether a large in-between period could have obscured associations, analyses were repeated among those for whom saliva was collected within Mean salivary cortisol levels of the cortisol awakening response for control subjects, subjects with remitted major depressive disorder (MDD), and subjects with current MDD. All results are adjusted for sex, age, education, Northern European ancestry, working, weekday, time of awakening, sleep, month with more daylight, smoking, and physical activity.
DEPRESSION CHARACTERISTICS
Error bars indicate SE. To convert cortisol to nanomoles per liter, multiply by 27.588. a For subjects with current MDD vs control subjects, P Յ .01. b For both MDD groups vs control subjects, P Ͻ .01. Results of mixed model analyses are as follows: for subjects with current MDD vs control subjects, P Ͻ .001, interaction with time, P = .46; for subjects with remitted MD vs control subjects, P = .007, interaction with time, P = .008.
1 week after interviewing. Also, we repeated analyses only considering subjects to be currently depressed when they fulfilled 1-month (instead of 6-month) diagnosis criteria. These analyses revealed very similar results.
COMMENT
This study, to our knowledge one of the largest of its kind, described some significant-although modestdifferences in specific indicators of HPA axis activity between depressed persons and healthy control subjects. First, higher cortisol values in the hour after awakening were found for both subjects with current MDD and subjects with remitted MDD compared with control subjects. Second, although not confirmed with data from 11:00 PM, significantly higher evening cortisol levels were found at 10:00 PM for the current MDD group. However, the MDD groups did not show more cortisol nonsuppression after ingestion of 0.5 mg of dexamethasone, and current MDD was even associated with more suppression. Additional analyses on several depression characteristics revealed no significant associations for most characteristics (eg, chronicity, symptom severity, childhood trauma) except for a higher CAR among depressed subjects with comorbid anxiety. In addition, the use of psychoactive medication was generally associated with decreased cortisol levels and less cortisol suppression after dexamethasone ingestion. Literature on the role of the HPA axis in depression is extensive, but results are conflicting. The CAR has most frequently been associated with depression. 13, 14 In our depressed sample, in line with most literature, 1,13,14,46,47 we found an association with the CAR for both AUCi and AUCg variables, indicating that the dynamic of the CAR as well as total cortisol secretion is increased in subjects with MDD compared with control subjects. 31, 33 Remarkably, this was present for both subjects with current MDD and subjects with remitted MDD, indicating that an increased CAR likely represents a trait rather than a state marker, reflecting either a specific biological depression vulnerability or a biological scar as shown before. 48 Interestingly, recent studies have found increased cortisol levels in subjects at familial risk for depression, suggesting a biological vulnerability for depression. 49, 50 Considering this observation, it is not very surprising that various other depression characteristics (eg, severity, chronicity, atypical symptoms) did not further differ in the CAR as described before. 13, 17 However, it should be Abbreviations: AUC, area under the curve; AUCg, area under the morning curve with respect to the ground, AUCi, area under the morning curve with respect to the increase; MDD, major depressive disorder; T5-T7, time points. SI conversion factor: To convert AUC to nanomoles per liter per hour and to convert evening cortisol level and dexamethasone suppression test cortisol levels at T7 to nanomoles per liter, multiply by 27.588.
a Adjusted for sex, age, education, Northern European ancestry, working, weekday, time of awakening, sleep, and month with more daylight. b Additionally adjusted for smoking and physical activity. c Cortisol suppression ratio = log(salivary cortisol level at T1/salivary cortisol level at T7), after 0.5 mg of dexamethasone ingestion.
(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 66 (NO. 6), JUNE 2009 WWW.ARCHGENPSYCHIATRY.COM 622 noted that the literature on the importance of severity, chronicity, and type of depressive symptoms on HPA axis function conflicts with both present 1, 17, 18 and absent 13, 17, 26, 51, 52 associations. We also observed that the CAR was especially increased among-although not restricted to-depressed subjects with comorbid anxiety, which is in line with some earlier findings that adrenocorticotropin hormone and cortisol response to stress appeared to be mainly due to the presence of comorbid anxiety among the depressed subjects 22 ; these findings were suggested to be due to interacting roles of the HPA axis and noradrenergic systems, which enhance each other, because there is evidence for an association of both anxiety and MDD with activation of the HPA axis as well as noradrenergic systems.
In addition to an increased CAR, we also found a higher evening cortisol level for the current MDD group, although only at 10 PM and not at 11 PM. Increased evening activation of the HPA axis has been described before. 53 Nevertheless, our inconsistency across 2 time points is difficult to explain. First, it should be noted that evening cortisol values are usually low; consequently, their assessment is affected by measurement error (eg, higher variance due to more cortisol values below the functional detection limit of 0.07 µg/dL) as may be illustrated by the higher intragroup variance among control subjects. However, after exclusion of very low samples (Ͻ0.07 µg/dL), we found similar results. Second, because even modest hassles influence HPA axis activity in healthy subjects, 54 we can also hypothesizealthough posteriori-that some individuals may have had increased cortisol levels owing to postponing their usual bedtime as a consequence of the collection protocol or owing to experiencing anticipatory stress for subsequent dexamethasone ingestion. This will then especially affect the cortisol measurement at 11 PM and could contribute to the inconsistent evening cortisol level findings. Our intriguing result for higher cortisol levels at 10 PM among currently depressed subjects, however, should stimulate further confirmative studies.
We did not find higher rates of cortisol nonsuppression in the depressed groups, and the subjects with current MDD were even more likely to be suppressors. Most earlier studies that found more nonsuppression after dexamethasone ingestion among depressed subjects were conducted among more severely depressed inpatients with melancholic, psychotic, or bipolar depression. 26, 55 It could be that significant dysregulation of the negative HPA axis feedback system is confined to severe (psychotic) depression such as that in inpatients. Indeed, a metaanalysis on cortisol nonsuppression after dexamethasone ingestion showed that psychotic depression was most clearly associated with prominent nonsuppression, whereas the nonsuppression rate in nonmelancholic outpatients was low. 26 It has been postulated that hypercortisolemia could contribute to psychosis by enhancing dopamine activity possibly through effects on tyrosine hydroxylase. 56 Alternatively, maybe differences in the negative feedback system of the HPA axis become more pronounced when we use the more sensitive dexamethasone and corticotropin-releasing hormone test. 57 Finally, it could be that HPA axis dysregulation is more pronounced when subjects are exposed to acute stress because studies have reported blunted stress reactivity and impaired stress recovery in depressed subjects in response to a psychological stressor. 58 In line with other studies, 1, 20, 21 we found an association between psychoactive medication use and cortisol levels, resulting overall in decreased cortisol levels and less cortisol suppression after dexamethasone ingestion. It has been postulated that long-term use of antidepressants up-regulates the glucocorticoid and mineralocorticoid receptors in the brain, which may underlie normalization of the HPA axis and could contribute to the clinical efficacy of antidepressant treatment. 59 Also, benzodiazepines seem to mediate inhibitory effects of ␥-aminobutyric acid on the secretion of corticotropinreleasing hormone. 19 Our study had some limitations. First, because these analyses were cross-sectional, our results do not indicate any causal directions of the associations found. Second, when relying on saliva sampling in an ambulatory setting, compliance with the sampling instructions is essential. This is true especially for the CAR because it is a very characteristic curve within the first hour of awakening and largely dependent on the awakening sample. Noncompliance with instructions could have resulted in measurement error and may explain why some persons (406 of 1507 subjects [26.9%]) did not demonstrate a cortisol increase at all after awakening. However, it should be noted that even when awakening is closely monitored, still at least 15% of all persons do not respond with a cortisol increase. 60 For the DST, it is impossible to guarantee that all persons indeed ingested the dexamethasone pill. However, when we measured dexamethasone levels with a radioimmunoassay using the antidexamethasone antibody (IgG Corp, Nashville, Tennessee; the functional detection limit is 0.01 µg/dL and the reported cross-reactivity for cortisol is 0.04% 61 ) among 47 respondents with a T1/T7 ratio less than 1.5 (indicative of cortisol nonsuppression) who reported dexamethasone ingestion, we found detectable dexamethasone levels (Ͼ0.01 µg/dL) in the T7 saliva samples among 42 subjects (89.4%), indicating that noncompliance with dexamethasone ingestion is not likely to be frequent. Third, although we assumed that depressed subjects in our study had generally higher levels of stress and mood symptoms-as illustrated by higher IDS scores, neuroticism, and daily hassles scores-compared with control subjects, day-to-day variation that we could not further address could play an additional role in HPA axis function. Finally, some depressed subjects may have (unnoticed) bipolar disorder, which may be associated with more pronounced HPA axis regulation 55 and therefore may have caused a slight overestimation of the association between MDD and cortisol levels.
Despite these limitations, our study had many strong aspects, including the large sample size with clearly distinct depression groups, the inclusion of multiple cortisol measures indicative of different aspects of HPA axis activity, the exploration of depression characteristics, and the adjustment of various covariates. Smoking is an especially important covariate because it is associated with depression as well as higher cortisol levels (we found effect sizes up to 0.38 for smoking [S.A.V., W.J.G.H., J.v.P., R.H.d.R., R.v.D., J.H.S., F.G.Z., B.W.J.H.P., and Boudewijn P. Kruijtzer, MSc, unpublished data, March 2008]). Indeed, correcting for lifestyle indicators did affect our findings (Table 2) . Nevertheless, even after adjustment for covariates, our study found significant differences in HPA axis activity indicators among depressed subjects when compared with healthy control subjects. Effect sizes for the CAR and evening cortisol level differences were in the range of 0.15 to 0.25, indicating modest effects. Although the clinical relevance of such differences needs to be explored in further large-scale research, there is some evidence that such salivary cortisol level differences may result in a higher risk of relapse 62 and unfavorable somatic outcomes such as atherosclerotic plaques 63 and progression of intima media thickness. Mean salivary cortisol levels of the cortisol awakening response for control subjects, subjects with major depressive disorder (MDD) without comorbid anxiety, and subjects with MDD with comorbid anxiety. All results are adjusted for sex, age, education, Northern European ancestry, working, weekday, time of awakening, sleep, month with more daylight, smoking, and physical activity. Error bars indicate SE. To convert cortisol to nanomoles per liter, multiply by 27.588. a For subjects with MDD with anxiety vs control subjects, P = .02. b For subjects with MDD with anxiety vs control subjects, P Ͻ .001; for subjects with MDD without anxiety vs control subjects, P Յ .02. c For subjects with MDD without anxiety vs control subjects, P =.03. Results of mixed model analyses are as follows: for subjects with MDD with anxiety vs control subjects, P Ͻ.001, interaction with time, P =.01; for subjects with MDD without anxiety vs control subjects, P=.006, interaction with time, P = .11. 
